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The Sixth European Symposium on Calcium-bind-
ing Proteins was held in Paris from June 14 to 16
against the background of the fact that there is
hardly a stimulated event in any cell, especially of
a multi-cellular organism, that does not involve cal-
cium as a messenger. The complexity of the messages
is becoming clear at three levels: the £ow of free
calcium ions in a cell, the multitude of isolated cal-
cium-binding proteins, and the evidence from ge-
nomes of the total number of such proteins in di¡er-
ent organisms. Very rapidly the huge diversity of
controlled £ows of the free calcium ion between cel-
lular compartments, with di¡erent time constants, is
being visualised using £uorescent dyes as shown by
Lipp (Cambridge). He demonstrated that underlying
events such as the general progress of calcium ion
di¡usion as a wave through a cell there were hun-
dreds of submicroscopic events with di¡erent time
constants. The problem facing us all is that this com-
plexity of £ow is interactive with a variety of other
messengers. Of course electrically excitable nerve and
muscle cells respond using Ca2 ions directly after an
initial £ow of depolarisation due to Na/K cur-
rents. However, signals other than depolarisation
reach cells at local receptors, e.g. for histamine and
antigens (Lewis, Stanford), and then release messen-
gers which in turn open calcium channels of the en-
doplasmic reticulum. The inositol phosphate messen-
ger systems are now known to operate along side the
use of cyclic adenosine diphosphate and nicotinam-
ide adenosine diphosphate messengers as described
by Guse (Hamburg, Germany). Their degree of local-
isation and timing are only just becoming open to
examination. Knowing the nature of the calcium ion
£ow and its communicating messengers is but a small
part of the calcium story however since it is required
to uncover the structure and roles of the proteins for
releasing and removing calcium, and of its receptor
proteins for generating its consequent actions. At
least 50 structures of calcium-binding proteins are
now known. A particularly important one is the
structure of the sarcoplasmic calcium ATP-ase
pump which was published just before the meeting
in Nature and could be presented by Maire (Sachary)
and particularly by Toyoshima (Tokyo, Japan) who
solved the structure in detail. The structure contains
rather little surprise in the membrane channel and
the real novelty lies in the large conformational
changes in the cytoplasmic domain during activity.
There are also known to be large conformational
changes (on calcium-binding) of several other calci-
um-binding proteins including calmodulin and calse-
questrin, which is the storage protein internal to var-
ious reticula. Calcium £ow in the reticula or around
cells is very hard to follow.
The major part of the programme was devoted to
intracellular (receptor) calcium-binding proteins in
higher animals. Here the numbers as seen from ge-
nome analyses are seen to have grown in eukaryotes
from virtually none in bacteria, to seven in yeast, 20
in the worm, Caenorhabditis elegans, to several hun-
dred in man as judged from DNA sequences. The use
of full genome sequences will change attitudes to this
subject and many others. At this meeting, emphasis
had moved from the rather few calmodulins to the
very numerous annexins, C-2 domains, and S-100
proteins in animals. Thus while the opening speaker
on these topics, Meyer (Stanford), described the ma-
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jor kinases, protein kinases C and II, activated by
calcium, through C-2 and calmodulin domains, and
there were eight other papers or posters on these
proteins, there were some 25 papers and posters
each on the annexins and S-100 proteins. The struc-
tures of examples of all classes of the proteins are
now known. The functions of these proteins now
appear to be largely connected to ¢lamentous struc-
tures such as actomyosin and tubulins (S-100) and/or
with membranes often through the binding to lipids
as well as calcium (annexins). The S-100 proteins
often as heterodimers are now found to be frequently
associated with chemotactic and in£ammatory re-
sponses sometimes linked under RAGE. At the
membrane, they act like the C-2 calcium-binding do-
mains of calpain, the leading protease of apoptosis,
the structure of which was presented by Suzuki (To-
kyo, Japan), or of protein kinase C. A frequent topic
was the interaction of many of these classes of pro-
teins with the nucleus through either phosphoryla-
tion or dephosphorylation of proteins, or via c-
NMP release but this indirect messenger in£uence
was augmented by the description given by Naranjo
(Madrid, Spain) of the protein, DREAM, which ap-
pears to use calcium directly in a transcription factor.
An increasingly interesting discussion arose over
the control by calcium of ¢lamentous structures
both inside and outside cells. While calmodulin reg-
ulates F-actin structure in cells, Sullivan (London,
UK), Handford (Oxford, UK) presented the struc-
ture of ¢brillin outside the cell with its multiple
EGF domains which led to a quite di¡erent exami-
nation of calcium in controlling cell^cell ¢lament-
based organisation in space. This duty is shared
with that of calcium functions in lectins, integrins
and cadherins. (Somewhat curiously functions of cer-
tain S-100 proteins have been discovered outside
cells. They appear to act as peptide messengers.)
The extensive use of calcium in the cytoplasm, the
extracellular £uids, and vesicles was also found in
mitochondria and chloroplasts. The very large num-
ber of calcium-binding proteins in all these compart-
ments made it clearly apparent that while there is a
huge diversity of roles for calcium in cells, the un-
ravelling of their activity is proving increasingly dif-
¢cult. The connection by calcium current £ow ini-
tially in controlled extracellular £uids to the outer
membrane of cells and then, on pulsing into cells,
upon the cytoplasm, reticula, vesicles for export, or-
ganelles, and further to cell/cell contact and commu-
nication led Williams (Oxford, UK) to conclude that
a new approach integrating all the activities in net-
work theory was required. Here the feedback linkage
must be from ion £ow, to proteins and to the DNA.
The evolution of the enormous complexity is di⁄cult
to comprehend.
All these observations on the diversity of calcium
proteins and their functions must be seen also
against the background of diseased states due to fail-
ure to manage some role of calcium appropriately.
For example the remarkable required control over
extracellular calcium to 1.25 þ 0.05 mM in man,
linked to the parathyroid hormone feedback circuit,
the vitamin D interaction with calcium uptake, with
bone proteins and eventually with the control activ-
ity of the kidney and the epithelial cells of uptake by
Brown (Boston, MA, USA) was shown to fail in
certain cases due to mutations in single proteins.
Speci¢c diseased conditions were also related to de-
fective functions or annexins, recoverins, calreticu-
lum, ¢brillins, and S-100 proteins in other papers
and posters.
The awareness of the role of calcium both in stud-
ies of present day cells and the increasing involve-
ment of it in the evolution of cellular complexity
which is re£ected in health and disease in man can-
not be overstressed. This message must reach a wider
audience especially since standard textbook writers
on biochemistry seem to be only partially aware of
the imposing value of this element in all eukaryotic
cells. The advantage of approaching the task of con-
necting the £ow of a known entity in organisms with
its proteins and with the genome using simple min-
eral elements such as calcium cannot be overstressed.
Hopefully this conference so well organised by Prof.
Francoise Russo-Marie and her colleagues will assist
the dissemination of the knowledge of this all-intru-
sive second messenger.
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